Objective(s) Leishmania can lead to a broad spectrum of diseases, collectively known as leishmaniasis. The A2 gene/ protein family could be one of the most eligible candidate factors of virulence in visceral leishmaniasis (VL). The previous results confirmed that in Leishmania infantum, several A2 proteins are abundantly expressed by the amastigote, but not the promastigote stage. As there are no data available on the pattern of A2 gene / protein in Iranian Leishmania isolates of either cutaneous leishmaniasis (CL) or VL; the current study aimed to investigate molecular analysis of A2 gene in leishmania species among field isolates of Iran.
Introduction
Protozoan parasites of the genus Leishmania are transmitted by the bite of infected sand fly to vertebrate hosts, leading to broad spectrum of diseases, collectively known as leishmaniasis. The clinical symptoms of the disease range from asymptomatic self-healing cutaneous lesions (CL), caused by Leishmania major, L. tropica, and L. mexicana species to mucocutaneous leishmaniasis (MCL) caused by L. braziliensis and severe visceral (VL) infections caused by L. infantum, L. donovani, and L. chagasi (1, 2) . Currently over 12 million people in 88 countries are infected with this parasite; 350 million are at risk of infection worldwide and 1.5-2 million new cases are reported every year (3) . Both CL and VL are endemic in Iran (4, 5) , whereas anthroponotic L. tropica and zoonotic L. major, are observed with a high incidence rates in various parts of Iran (6, 7) .
The diversity of clinical manifestation of leishmania infection depends on complex hostparasite relationships, where both the genetic or immunological status of the host and the proper parasite diversity in virulence appear as determinant factors (8, 9) . A number of parasitic factors have been identified to play a role in virulence/protection mechanisms in leishmaniasis (10) . Since its first identification in L. infantum (11) , several lines of evidence have indicated that the A2 gene/protein family could be one of the most eligible candidate factors of virulence in VL infections, and it is among the few widely accepted amastigote-specifics molecular markers identified to date (12) (13) (14) (15) .
Furthermore, intravenous injection of L. major genetically engineered to express A2, produced higher infection levels in the spleen than control L. major, further supporting the argument that A2 enhances survival in resident macrophages of visceral organs of mice (12, 14, 16) . A protective immunity can be achieved experimentally in mice by immunization with recombinant A2 protein or DNA vaccination which shows that A2 from L. donovani is highly immunogenic and represents a potential antigen for protection in VL (2, 17) . In addition, A2-antibodies were found in sera of human beings and dogs naturally infected with L. chagasi (18) , and in patients with VL in Sudan and India and CL due to L. mexicana, while they were not detected in L. tropica and L. (V.) braziliensis infections (15) . It has also recently shown that, A2 is not present in some leishmania species such as L. tarentolae, a non-pathogenic member of the genus Leishmania (1, 19) .
In accordance to authors previous studies (20, 21) , other researchers confirmed that in L. infantum, as well as L. donovani, several A2 proteins are abundantly expressed by the amastigote, but not promastigote stage (16, 15, 22) . As there are no data available on the pattern of genes encoding A2-proteins in Iranian CL and VL isolates; this study was designed to investigate molecular analysis of this concept among field isolates of Iranian Leishmania species.
Materials and Methods

Cutaneous leishmania samples
This study was carried on patients clinically suspected of CL, who were referred to the Department of Parasitology, Pasteur Institute of Iran, Tehran, for laboratory confirmation. The diagnosis of CL was based on clinical presentations of positive lesion smear and parasite culture. A checklist including personal, clinical and epidemiological data was completed for each case having cutaneous lesions before assay as described previously (21) (Table 1) .
Direct smear
Samples for parasitological diagnosis were dermal scrapings of the active indurate margins of lesions or dermal scraping of the bottoms of the ulcers. Generally samples were obtained only from those sites which showed the most indurate margin. The lesion was cleaned of debris with saline solution, and debris was removed before sampling. Skin scrapings from the edge of the lesion were prepared; smears were stained with Geimsa and examined microscopically for the presence of amastigotes. Visceral leishmania sample Dogs are the principal mammalian hosts of L. infantum, which causes VL in the Mediterranean region and some areas of north western and southern Iran (23) . Isolates of L. infantum were obtained from dogs of Meshkin Shahr district of Ardabil province, north western Iran. Dogs in rural areas were selected randomly, and screened for L. infantum with their owners consent. The screening involved the collection of blood from the radial vein (5 ml/dog), the centrifugation of samples (800 g, 5 min) and the testing of sera (after incubation at 22 °C) for antileishmanial antibodies. Each serum was tested using a commercial rk39 dipstick (Cypress Diagnostics. Langdorp, Belgium) and a direct agglutination test (DAT) (kindly provided by the Protozoology Unit, Department of Parasitology, Institute of Public Health Research, Tehran University of Medical Sciences, Tehran, Iran), based on L. infantum antigens with a cut-off titer for DAT positivity of 1:320 (24) . With the approval of the local health authority, the seropositive dogs were killed by terminal anesthesia, transferred to the Parasitology Laboratory at Meshkin Shahr Health Research Centre, and then carefully dissected so that parasites could be isolated in culture.
Culture method CL samples collected from skin lesions of patients or spleen and liver of VL infected dogs, were cultured in both liquid phase of Novy-Macneal-Nicole (NNN) and in RPMI-1640 media (Sigma) (pH 7.2), supplemented with 20% fetal calf serum (Invitrogen, UK) and 2 mM L-glutamine, 55 µg/ml penicillin, and 125 µg/ml streptomycin. The culture was incubated at 25 °C and checked for growth of Leishmania promastigotes and checked every day using an inverted microscope for 28 days as described previously (21, 22, 25) . Table 2 were also used for comparison and accuracy of assay. 
Parasites
DNA extraction
Results
In current study, L2/R3 primers encoding crude genomic DNA of parasite was used for differentiation of leishmania species by unique electrophoretic pattern. For entire CL isolates, one single band of approximately 290 bp (1-3 mM MgCl 2 ) was detected, while in VL isolates, two approximate sizes of 320 and 550 bp bands (3 mM MgCl 2 ) were identified (Figures 2, 3) . The products in VL species were shown by direct sequencing, which may be a mixture of A2 sequences and probably non-specific products. A single sequence of 290 nucleotides was evidenced by direct sequencing of the crude L2/R3 PCR products of the genomic DNA from all L. major and L. tropica strains. Seventeen strains of L. major among Iranian samples were detected, which were identical and comparable with IPAP/MA/86/ LEM898 and MHOM/SU/73/5 ASKHLEM134 except for a single polymorphism of C/G at position 155. Three strains of L. tropica were observed, which were identical with L. tropica AY255806 except for a single polymorphism G/A at position 35. Two A2-gene sequences of 320 and 550 nucleotides were isolated from the genomic DNA of L. infantum. The identified A2 gene family in L. donovani is reported to be specific to the amastigote stage, determining visceral infections (11, 14) . A2 genes were also shown to be organized in several clusters each comprising multiple A2 genes of varying length that are tandemly associated with related sequences (27) . In the previous studies, three different A2-allele types II, III and IV were sequenced from the L. infantum MHOM/FR/92/ LEM2385 Clone-1 genomic library. This provided additional evidence that A2 of VL species is a multiple gene family. Types I, II and III alleles differ only in the number and arrangement of the repeated motives at the 3' end variable region of the gene (2, 11) . In the study which was conducted by Garin et al 2005 (2) , they identified A2 sequences showing a limited number of repeats and consequently a length of only 371-464 bp contrasting with the previously published A2 genes of about 700-800 bp. The A2 sequence shared by all strains and species of Old World Leishmania presented a single polymorphism C/G at position 155 for L. major and G/A at position 35 for L. tropica strains. These results are compatible with Garin et al, 2005 (2) , who indicated that the A2 gene of Old World CL was highly conserved. In VL isolates the multiple sequences of varying length have been observed, which may be associated with multiple parasite populations in naturally infected hosts.
